Background: Balance is commonly affected by multiple factors, especially among the elderly population. Visual biofeedback (VBF) is an intervention tool that can be used in balance rehabilitation. Aim: This study aimed to systematically review randomized controlled trials that examine whether VBF training is effective in improving balance in an elderly population. Data sources: Three databases were searched: CIAHL, EMBASE, and MEDLINE. The searches were limited to the period from 2010 to 2016. Eligibility criteria: Healthy adults, aged 65 years, with no specific disorders were included. Interventions were any VBF intervention with the aim of improving balance and were compared to no intervention, traditional exercises, placebo, or standard care. The outcome measures were balance as measured by any validated outcome measure. Studies appraisal method: The Physiotherapy Evidence Database quality assessment tool and The Cochrane Collaboration tool for assessing risk of bias were used by two independent authors (HA and FM) in order to appraise the included studies. Results: The database search resulted in 879 articles, of which five papers were included. VBF was compared to no intervention, a placebo, and traditional exercise. The total number of participants in all the five included studies was 181, with a mean age of 74.3 years (standard deviation 6.7). Two studies were rated as high-quality studies, and three were rated as fair quality. Conclusion: Engaging elderly people living in the community in VBF training was found to be effective and could improve their balance ability. However, the variation between studies in methodology, intervention protocol, and outcomes utilized made it difficult to inform a definitive statement regarding the potential application of VBF for balance training with the elderly. Furthermore, high-quality randomized control trials are required. The systematic review level of evidence is moderate, and the strength of recommendation is that VBF is likely to be beneficial.
Introduction
Balance impairments in older adults are one of the most experienced and reported problems to physicians, 1 and balance and gait disorders are the second leading causes of falls. 2 Literature has suggested that between 20% and 33% of adults aged 65 years experience problems with their balance. 3 In adults aged 60 years, there is a 30% chance of falling at least one time a year, and this chance increases up to 45% in those aged 70 years. 4 It is estimated that falls cost the United Kingdom's National Health Service approximately £2.3 billion every year. 5 The human balance system is a complicated one, which involves integration and coordination of sensory, motor, and biomechanical activities in such a way as The effect of exercise on reducing falls and improved balance are well documented and a primary component in public guidelines for fall prevention. 5 Biofeedback intervention provides individuals with additional information about their body function with the purpose of developing changes in behavior that lead to better and enhanced performance. 7 Biofeedback can be considered as a training method rather than a treatment. When individuals undergo biofeedback training, they should be active learners and practice until the skill of controlling body motion is developed. A majority of biofeedback systems, especially wearable devices described in the literature, have been designed to be used in laboratories and clinics. 8 To help with training in the community, an alternative and inexpensive device is preferable. Because of its ease of access and cost-effectiveness, game consoles, such as the Nintendo ® Wii Fit, have become popular a training tool.
Nintendo Wii is one of the most popular devices being used for rehabilitation with the elderly. It consists of a Wii balance board (WBB) with a platform to monitor any change in an individual's center of pressure (CoP) and an innovative remote with a three-dimensional accelerometer technology to track body movement. The board and the remote are connected to the Wii Fit software that provides feedback about any change in CoP through auditory and visual feedback. 9 Seven randomized control trials (RCTs) were included in a systematic review conducted by Laufer et al, 10 regarding the effect of Nintendo Wii exercises on balance in healthy, elderly population; 10 the majority were considered to be of fair quality on the Physiotherapy Evidence Database (PEDro) scale with a total number of 285 participants. Outcome measures were any valid functional balance measure, and in general, the results showed better outcomes with the use of Wii Fit against traditional exercises; however, no firm decision on the effectiveness of the Wii Fit was reported because of great variability between the studies in terms of protocols and outcome measurements.
However, Rodrigues et al 11 contradicted the results of Laufer et al. 10 Rodrigues et al aimed to evaluate the effect of exergaming on musculoskeletal function among the elderly. An important point is that they included both healthy and unhealthy people in their sample of participants. Sixteen studies of different designs were included with a total of 532 elderly participants, and functional balance assessment was one of the outcome measures, which was used as an inclusion criterion. The review concludes that there is no evidence that exergaming may be effective on musculoskeletal function and balance. Unfortunately, more than half of the included studies were of low quality; some studies had methodological errors, for example, they did not mention the type of games used or the duration, there was no standardization of the assessment and training which resulted in significant heterogeneity in the meta-analysis, and no blinding was reported in any of the included studies.
The current systematic review (SR) is an update of the previous work by Agnes et al 12 in which they evaluated the effect and feasibility of biofeedback on balance among the elderly. Four studies were included, and the number of participants ranged from 5 to 30. However, the researchers were unable to conclude because of the variation in the studies, including the small sample sizes.
According to the systematic reviews mentioned earlier, it is evident that the use of exergaming and virtual reality is safe and feasible for most participants. Nevertheless, the effectiveness of virtual reality and exergaming is inconclusive. There is an unclear evidence with regard to the use of visual biofeedback (VBF) as an intervention for balance problems, leading to the conclusion that a greater number of larger RCTs are needed. In the last few years, several RCTs have been published; therefore, the aim of this review was to summarize the more recent evidence to propose a decision with regard to the effectiveness of VBF on balance among the healthy elderly.
Materials and methods

Data sources
This review is an update of the review conducted by Agnes et al, 12 in which electronic databases were searched from 1990 to 2010. The current search was conducted from January 2010 to June 2016 to extract recent evidence about the effect of VBF on balance in healthy, older people. These databases were: CIAHL, EMBASE, and MEDLINE. After all the databases were searched, duplicate publications were removed. Two authors (HA and FM) independently conducted the search; the final search was conducted in June 2016.
Search strategies
Each database was searched with a different search strategy tailored to the search terms specific to that database. 
Study selection
All parallel RCTs published between 2010 and 2016 in which a VBF intervention was compared to no intervention or other interventions with the aim of improving balance in elderly people were included. Study designs other than those mentioned previously were excluded. 
Summary of participants
All subjects, male or female, described as older adults, geriatric, aged or elderly, with a mean age 65 years, living in the community or independently in retirement centers, were included. Studies that included participants with specific medical conditions, such as stroke, Parkinson's disease, cognitive impairment, diabetes, fracture, amputation, osteoarthritis, psychiatric, cardiac, neurological, and other specific medical conditions were excluded. Participants described as frail were also excluded, as this term may be used in the literature to describe people with different conditions, including general debility and cognitive impairment.
Type of intervention
RCTs that used any form of VBF, including exergames, aimed directly at improving balance, which fall into the category of devices that use inertial sensors, and other devices that use camera system technology were included. Specifically, trials that compare the following were included:
• VBF compared to traditional therapy or standard care.
• VBF compared to other balance interventions without VBF.
• VBF compared to control or placebo or no treatment.
Type of outcome measure
Studies that used any validated standardized outcome measure designed to measure static and dynamic balance in elderly people, such as the Berg Balance Scale (BBS), 13 Timed Up and Go (TUG), 14 and objective balance measures by force platform systems, were included.
Quality assessment
The PEDro quality assessment tool was used by two authors (HA and FM) to appraise the included studies. According to Herd et al, 15 the total score obtained from PEDro indicates the strength of the study:
• If the total score was 6, it is considered a high-quality study.
• If the total score was between 4 and 5, it is considered a fair-quality study.
• If the total score was 3, it is considered a poor-quality study.
To assess the risk of bias in the included studies, the Cochrane Collaboration tool for assessing risk of bias (CCTARB) was used. Because of the difficulty of blinding the therapist and subjects in all physiotherapy interventions, 16 the blinding of personnel and participants will not be counted as a key domain, whereas the remaining domains will be considered as key domains.
Data extraction
Trials were screened by two authors (HA and FM) for eligibility by reviewing the title and abstract. If the title or the abstract was perceived to be relevant, the full text of the paper was retrieved to evaluate it against the inclusion and exclusion criteria. Any disagreement between the authors was solved by a third author (VH). A data extraction form was created, which included a trial setting (hospital or 
Search terms
S1
(MH "Biofeedback") OR "biofeedback" OR "bio-feedback" OR "augmented feedback" OR "visual feedback" OR (MH "video Games") OR "video Games" OR "computer games" OR "virtual reality" S2 (MH "Balance, Postural") OR "postural balance" OR "equilibrium" OR "balance" OR (MH "Posture") OR "posture" OR "Musculoskeletal equilibrium" S3 (MH "Aged") OR "aged" OR "older people" OR "old people" OR "older persons" OR "older subjects" OR "old persons" OR "old subjects" S4 S1 AND S2 AND S3 
Data analysis
The effect size was calculated where possible using RevMan 5.3 for Windows. The standardized mean difference (SMD) was used as a summary effect size estimator. The Cohen's d formula was used to calculate the effect size, which is a measure of the distance between two means, measured in standard deviations (SDs).
17
A descriptive analysis of the included trials was conducted to evaluate the effect of VBF on balance among elderly people. PEDro scores and CCTARB were used to compare the included studies.
Results
A total of 672 papers were identified as relevant. After the initial screening of the papers, 644 were excluded based upon the titles and abstracts, the remaining 28 papers were screened after retrieving the full text, of which 23 were excluded for failing to meet the inclusion criteria, that is, not in English language or not an outcome of interest. The final review included five papers that met the inclusion/exclusion criteria. The process of selecting the studies in this systematic review is presented in Figure 1 . Characteristics of the final five studies retrieved are summarized in Table 3 .
Methodological quality
The appraisal of the included studies according to PEDro scale is presented in Table 4 . The mean PEDro score was 5.2 (SD 1.3), with two studies 18, 19 graded as high quality and the remaining three [20] [21] [22] graded as fair quality. Four items in the PEDro scale were positive in all studies: random allocation, baseline comparability, between-group comparisons, and point estimates and variability. In contrast, blinding of the participants or the therapists was impossible because of the nature of the studies, and only two studies maintained blinding of the assessor. 18, 19 Finally, concealed allocation was absent in all studies, and intention to treat was positive in only two studies. 18, 19 Risk of bias assessment Table 5 summarizes the assessment of risk of bias across all the included studies. Figure 2 shows the risk of bias graph.
Random sequence generation
One study 19 had a low risk of bias as it reported random sequence generation (randomized by computer-generated random numbers). Two studies 18, 21 had an unclear risk of bias as they reported that participants were randomized with no information of the procedure of randomization. Two studies 20, 22 had a high risk of bias as they did not report that both groups were randomized.
Allocation concealment
One study 19 had a low risk of bias as the concealment procedures were stated clearly. All the four 18, [20] [21] [22] remaining studies had a high risk of bias as there was no allocation concealment reported by any of the studies.
Blinding of participants and personnel
All the five studies had an unclear risk of bias as they did not report any information regarding this. However, as mentioned earlier, this domain is not considered as one of the key domains.
Blinding of outcome assessment
Two studies 18, 19 had a low risk of bias. The remaining three [20] [21] [22] studies had unclear risk of bias as there was insufficient information to make a judgment.
Incomplete outcome data
All the studies had a low risk of bias as no missing data were reported. 
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Selective reporting
Two studies 18, 19 had a low risk of bias as they followed a pre-specified protocol. The remaining three studies [20] [21] [22] had an unclear risk of bias as there was insufficient information to make a judgment.
Other bias
Two studies 18, 20 had a low risk of bias, whereas the remaining three studies 19, 21, 22 had an unclear risk of bias.
Characteristics of included studies Subjects
The total number of participants in all five included studies was 181, with a mean age of 74.3 years (SD 6.7); 83 were included in the VBF group, whereas 86 were placed in the control group. In the VBF group, the number of subjects per group ranged from 10 to 28 with a mean of 16.6 (SD 6.9), whereas in the control group, the number of subjects ranged from 11 to 30 with a mean of 17.2 (SD 7.6). Three studies were conducted in the Republic of Korea, [20] [21] [22] the remaining two were in Denmark, 19 and the US. 20 All of the included studies were carried out in clinical settings, which were mainly hospitals.
vBF intervention
Four of the included studies used the Nintendo Wii Fit device as a training method, 18, 19, 21, 22 whereas the remaining study 20 used the augmented reality-based Otago exercise in which subjects stood in front of a computer with a web camera, which had a head-mounted display and they followed the movement displayed. The computer sensed the movement of the subjects and sent the information to the head-mounted display in order to repeat the task and move to the next level, which increased the speed. 20 A total of 15 games were used in all Wii studies, 18, 19, 21, 22 with the number of games per study ranging from 3 to 6 with a mean of 3.7 (SD 1.5).
In one study, 18 participants were asked to wear a belt for safety, and if required, they could use additional safety precautions, such as a cane or walker. In four studies, participants practiced VBF individually, except for one study, where they practiced in pairs. 19 
Control intervention
Two studies 18, 21 received no intervention, and two 20, 22 received an alternative exercise program. These exercises varied between studies; one study used ball exercises, 20 whereas the other study used the Otago exercise. 22 Furthermore, one study 19 received a placebo treatment as they were asked to wear an ethylene vinyl acetate copolymer insoles to help improve their balance.
Duration and number of treatments
The duration of VBF sessions ranged from 6 to 12 weeks with mean of 8.8 (SD 2.2) weeks. The total number of treatments ranged from 18 to 36 with mean of 24.4 (SD 6.9) session. Abbreviations: PeDro, Physiotherapy evidence Database; Y, yes; N, no; 1, eligibility criteria; 2, random allocation; 3, concealed allocation; 4, baseline comparability; 5, blind subjects; 6, blind therapists; 7, blind assessors; 8, adequate follow-up; 9, intention-to-treat analysis; 10, between-group comparisons; 11, point estimates and variability. 
Outcome measures
All studies carried out an assessment pre and post intervention. Functional balance performance was used as an outcome measure in four studies, [18] [19] [20] 22 three studies 18, 19, 22 used the TUG test, and one 20 used BBS. Instrumented measures of postural sway were used in three studies. [19] [20] [21] One study 19 used an instrumented force plate to assess postural balance capacity by analyzing the center of pressure velocity moment (CoP-VM; mm 2 /s) during static bilateral stance. Two studies 20, 21 used an analysis biofeedback system Biorescue (RM INGENERIE, France) in which static balance was assessed with the subject's eyes open and closed while using the Romberg test.
Treatment effect
Two studies 18, 21 compared VBF to no intervention. Rendon et al found a significant difference between groups on TUG (P=0.038), 18 and Cho et al found a significant difference between groups in body CoP movement area on the Romberg test with eyes closed (P=0.001). 21 In addition, two studies 20, 22 compared VBF against different exercise regimens, a significant difference between groups on BBS scale (P=0.001) was reported by Yoo et al 20 and a significant difference between groups in TUG test (P-value not reported) was found in Park et al. 22 One study 19 compared VBF to a placebo intervention. No significant difference between groups was found in static postural balance measurement on an instrumented force plate (P=0.92). However, significant difference between groups were reported in TUG (P=0.01).
In addition, Park et al reported significant difference between groups on gait function in 30 s sway length average and sway speed. 20 Three studies 18, 19, 22 used TUG as an outcome measure, but they varied in the procedure of conducting the test. For example, one study 18 used the test and had the participants walk 3 m, in the second study 22 it was 2.5 m. Another reason for variation was that the control groups in each study varied; one study used a placebo, the other used exercise, and one used no intervention. Therefore, the effects of VBF on balance could not be pooled for a meta-analysis, because of methodological variability and the different control intervention used across studies.
effect size
Park et al 22 found that 24 sessions with 30 min of Wii training had a small effect (Cohen's d=0. 25 ) on TUG in a group of elderly compared to those who used ball exercises. In addition, Yoo et al 20 found that 36 sessions with 60 min of augmented reality-based Otago exercises had a small effect (Cohen's d=0.44) on BBS score in group of elderly compared to those with traditional fall exercises. 20 The same small effect (Cohen's d=0.44) was found in 20 sessions with 35 min of Wii training in elderly compared to a placebo intervention. 19 Finally, a very large effect (Cohen's d=1.92) was found in the Romberg test with eyes closed after 24 sessions with 30 min of Wii training in elderly compared to no intervention. 21 In the study conducted by Rendon et al, 18 the effect size could not be reported because the result was reported in median and variance. Table 6 summarizes the effect size for the included studies.
Discussion
The current systematic review was conducted to evaluate the effect of VBF on balance in healthy elderly people. The literature review showed increased interest in VBF as an exercise instrument for the elderly. Five parallel RCTs evaluating the effect of VBF on balance among elderly people were 
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All the five studies showed that VBF had a significant difference between groups. There seems to be a benefit of VBF compared to exercise and no intervention. Three studies, one 19 considered to be high quality and two 20, 22 with moderate quality showed that there was a small effect size of VBF, whereas one moderate-quality study 21 showed a very large effect size.
TUG was used in two studies, one with high quality 19 and the other with moderate quality. 22 Both the studies involved 82 elderly individuals and demonstrated a small effect size after VBF training compared to ball exercises (SMD =0.25, 95% confidence interval [CI] [-0.56, 1.05]) and placebo intervention (SMD =0.44, 95% [-0.09, 0.96]). This finding is consistent with previous SR findings by Rodrigues et al, 11 in which three studies (two with low quality and one high quality based upon the JADAD scale) included a total of 120 elderly individuals who were divided into two groups, a VBF group and an exercise group. TUG was used to assess balance, and a small effect was found (SMD =0.23, 95% CI [-0.13, 0.59]). In the review by Laufer et al, 10 no effect size calculation was conducted; however, part of their findings were not consistent with the current SR as there was no significant improvement observed in the VBF group compared to the exercise group in two studies, whereas a significant improvement was found in one study only. The study that reported a significant difference was rated as high quality based upon PEDro, whereas the remaining two were of moderate quality. Overall, based upon the findings from high-quality studies, it seems that VBF has a small effect on balance as measured by TUG.
The BBS was used in the moderate-quality study by Yoo et al, 20 which involved 21 elderly participants and a small effect size was found (0.44, 95% CI [-0.43, 1.31]). This finding is consistent with the review conducted by Rodrigues et al, 11 in which four studies (three with high quality and one with low quality based upon the JADAD scale) compared VBF to no intervention and found that it had a small effect (value not reported). The same result was also reported by Agnes et al. 12 On the other hand, the finding from an SR by Goble et al 23 contradicts this finding in which a moderatequality study compared VBF to no intervention and found that it had a large effect (Cohen's d=0.7) on BBS. The difference in the effect size could possibly be because the control in the study by Goble et al 23 received no intervention, whereas the control group in the study by Yoo et al 20 received ball exercises. In addition, the duration of the sessions varied between the two studies; the one that produced a small effect 20 utilized 60 min, whereas the large effect 23 was produced after 15 min in the other study. Moreover, the studies included in Goble et al 23 were not RCTs. The majority of studies, particularly those with higher quality, tend to report positive improvement but smaller effects of VBF on BBS.
With the Romberg test as an outcome, Cho et al 21 found a large effect size after 30 min of Wii training (SMD =1.92, 95% CI [1.06, 2.78]). This is in line with the finding by Goble et al. 23 One of the studies included in their SR in which a group of elderly people received Wii training for 60 min compared to no intervention had a very large effect size in a Wii Fit test of center of balance (Cohen's d=1.9). This might be because the control group did not receive any intervention; meaning 
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effect of biofeedback on balance among elderly benefits as exercise, future studies should investigate the long-term adherence and motivation of VBF.
The use of VBF systems independently at home should be considered in future studies as commercial systems can be relatively inexpensive and do not require large spaces. Instead of participating in a formal exercise program that requires time and place, the Wii device is a suitable alternative method of training for the elderly, as they should engage in exercise programs to limit the negative effect of aging and a sedentary lifestyle. Several factors should be taken into account for future studies, such as individual age, balance performance, and cognitive abilities.
Future RCTs should focus upon trials with larger sample sizes, standardized protocols, and follow-up assessment. In addition, since most studies were of moderate quality, future studies should focus upon applying concealment of allocation of participants in their groups and reporting detailed information on blinding of the assessors.
A limitation within this SR is that only published studies were included, the grey literature was overlooked, which could indicate publication bias as most studies reported positive outcomes. The World Health Organization (WHO) defines elderly and old persons as any individual aged 65 years; there are some arguments with regard to the age as according to the United Nations, they recognized people aged 60 years as old persons, in most developed countries the age of 60 or 65 years is equivalent to retirement age which is the beginning of old age. 25 In the literature most of the time, the definition of old persons is linked to retirement age. The current study followed the definition set by WHO.
Conclusion
VBF was shown to have significant effect on balance across the included studies; however, the effect size was mainly small. The clinical relevance from the review of five RCTs suggests that engaging elderly people living in the community in VBF training is effective and could improve their balance ability. Nevertheless, the variation between studies in methodology, intervention protocol, and outcomes utilized made it difficult to inform a definitive statement regarding the potential application of VBF as a balance training for elderly. The overall quality of evidence in this SR is of moderate quality based upon The Grading of Recommendations, Assessment, Development, and Evaluations. 26 The strength of recommendation was based upon Strength-of-Recommendation Taxonomy; 27 the strength of recommendation in favor of VBF would be considered a level B, which indicates that VBF is likely to be beneficial. that they did not engage in any physical activity during the training period. It is possible that doing any form of exercise was better than doing nothing, as the studies that compared VBF to exercise reported lower effect sizes. An additional explanation is the small sample size in both the studies.
In the study conducted by Jorgensen et al, 19 postural balance was evaluated by static bilateral testing on force platform, and no difference was found between the intervention group and placebo group. This is in contrast with Laufer et al, 10 in which three studies reportedly showed a positive effect of VBF against different control groups in term of postural sway. An explanation for this is that in Jorgensen et al, 19 the static bilateral test could not be challenging enough for the elderly which prevents the detection of improvement. Also the Wii uses dynamic exercises, and the use of dynamic and more challenging tests could have revealed an improvement in postural balance.
An important factor that could affect the effectiveness of any intervention is the time or duration of the training session. According to the American College of Sports Medicine Guidelines 24 (ACSM) for balance training in elderly, their recommendation is to exercise two to three times per week for 20-30 min. In this SR, only two studies followed this recommendation. The duration of VBF varies between studies with 40 min in Rendon et al, 7 35 min in Jorgensen et al, 19 60 min in Yoo et al, 20 and 30 min in Cho et al 21 and Park et al. 22 There is a strong need to standardize the time and parameter for VBF intervention, as exercises with the same parameters and outcomes are necessary for comparative purposes. The current review is able to provide a more confident summary of evidence than previous reviews. Three 10, 12, 23 of the recent SRs did not inform a decision as to the effect of VBF, instead they report promising future for this modality. One review 11 reported that there is no evidence that VBF is effective among the elderly. Overall, from the evidence, there seems to be a shift toward seeing a positive effect of VBF. More recent studies are demonstrating improvements in study design, which lead to less bias and a better ability to determine a true effect of the intervention. These higher levels of evidence show that there is a small effect of VBF. Earlier SRs could not provide a definitive decision because reviews included studies with poorer methodological design and of different quality. 
Limitation of the review and implications for clinical practice
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